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This study was undertaken to determine the effects of ACTH on the
activity and concentration of succinic dehydrogenase (SDH) and to find
out if there was a direct or indirect relationship between enzyme con¬
centration and activity in the proliferating tails of Rana catesbeiana
latrvae. Tissue homogenates were prepared from the tails (2-6 cm long)
2 hr after the oral administration of ACTH. The homogenate was incu¬
bated at 37 C in a test tube which contained a 0.1 per cent solution
of triphenyltetrazolium chloride, 0.1 M phosphate buffer (pH 7.4),
0.2 M sodium succinate and distilled water. The optical density was
read at 420 mu on the supernatant.
The ACTH produced a significant decrease in SDH activity in tails
5-6 cm long. A significant decrease was observed in SDH concentration
in tails 2-3 cm in length. No direct or indirect relationship was
found to exist between the enzyme concentration and activity.
It was concluded that the observed decrease in SDH concentration
and activity were produced as a result of the stimulation of the
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CHAPTER I
INTRODUCTKM
It has been demonstrated that enzyme activity may be altered by
a number of physical and chanlcal means. Among these are temperature
and pH (Jencks, 1963), cortisone (Cerbon and Tamayo, 1959), and ethyl
carbamate (Walton, 1966). Changes In the activity of a particular
enzyme m^ be produced In several ways. Some of these are: (1) dena-
turlzatlon of the enzyme, (2) feedback or end-product Inhibition, (3)
control of the level of the required co-enzyme, and (4) controlling
the amount of substrate.
Adrenocortlcotrophlc hormone (ACTH) stimulates the adrenal cortex
to secrete a group of steroid hormones called glucocorticoids. The
principal role of glucocorticoids Is In carbohydrate metabolism. They
promote the deposition of liver glycogen and the Inhibition of glucose
utilization by the cells. They also promote gluconeogenesls, or the
conversion of body proteins to sugar. Succinic dehydrogenase (SDH) is
an enzyme located In the mitochondria of the cell. It Is an enzyme of
the tricarboxylic acid (TCA) cycle and It catalyses the transference
of 2 hydrogens to an appropriate hydrogen acceptor, flavin adenine
dinucleotide (FAD), during the conversion of succinic acid to fumarlc
acid.
Recently, a number of studies has been done on the effects of
ACTH on various enzymes In a variety of organisms (Palkovlc, 1964;
Cerbon and Tam^o, 1959). The results of these studies have been
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found to be different among animals of the same genus. They have been
found to be equally as different In the various organs of the same
animal. Because of the many variations In effects produced by ACTH,
the present Investigation was undertaken to lend some stability, If
possible, to those results obtained by earlier Investigators. The pri¬
mary objectives of this study were: (1) to determine the effects of
ACTH on the activity of SDH In the proliferating or extending tall of
Rana catesbelana larvae, (2) to determine the effects of ASTR on the
concentration of SDH, and (3) to determine If there was a direct or In¬
direct relationship between SDH concentration and SDH activity.
CHAPTER II
REVIEW OF LITERATURE
Only a few studies on the enzymes of the tricarboxylic acid (TCA)
cycle In the Amphibia have been reported In the literature. Further¬
more, no Investigations on the effects of adrenocortlcotrophlc hormone
(ACTH) on TCA cycle enzymes could be found. Therefore, the following
review will consist primarily of work done on the activity and concra-
tratlon of enzymes of glycolysis and the normal activity of those of
the TCA cycle.
According to Neilands and Stumpf (1964), Thtuiberg observed In
1920 that of some 50 compounds tested, citrate, malate, succinate, and
fumarate, when added to tissue homogenates, were the most active In
reducing methylene blue anaerobically. These Initial observations
stimulated other workers to search for an explanation. It was not un¬
til 1937, according to Neilands and Stumpf, that H. Krebs, aware of
these and other data, proposed a hypothesis which could explain all
these findings. Since the proposal of the TCA cycle by Krebs, only a
small number of studies has been conducted to test the effects of cer¬
tain chemicals on the enzymes of this cycle, as compared to the large
number done on the enzymes of the glycolytic pathway. The studies
which have been reported Include the use of a variety of organisms,
with rats being the choice of most Investigators.
There appears to be some controversy as to the exact role of ACTH
in carbohydrate metabolism. Many Investigators have shown that ACTH
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does function in carbohydrate metabolism, but they do not all agree as
to how. For example, Rogers (1964) found that the principal effect of
ACTH is on glucocorticoid secretions. These secretions function pri¬
marily in carbohydrate metabolism. The functions Include the deposi¬
tion of liver glycogen, the promotion of gluconeogenes is, and the in¬
hibition of glucose utilization by the cells. On the other hand, Jean-
renaud and Ho (1967) have demonstrated that ACTH stimulated rather
than inhibited the uptake of glucose. They also found that ACTH stim¬
ulated the subsequent oxidation of glucose to carbon dioxide. With
further regard to the varying opinions of the role of ACTH in carbohy¬
drate metabolism, Koepf (1942), using rat liver slices, found that
ACTH Increased the synthesis of Carbohydrate^ frcan pyruvate or d-lac-
tate. Bernhard (1968), in studying the effects of steroids and ACTH
on pyruvate and acetate metabolism in sheep adrenal cortex, obtained
results similar to those of Jean renaud and Ho. He found that ACTH in
concentrations of 1.0 U/ml and 0.1 U/ml resulted in an Increase in the
incorporation of C^^ into pyruvate and acetate. (U = 19425 by the in¬
ternational standard for ACTH). Contrary to the findings of all the
previously mentioned workers, Overbeek (1950) reported that high doses
of ACTH administered to dogs had no effect on carbohydrate metabolism.
Jeanrenaud and Ho (1967) also reported that the total lipid syn¬
thesis from glucose to fatty acids was found to be stimulated by ACTH.
They suggested that the free fatty acid levels within the adipocyte
may represent an intermediate link resulting in the stimulation or in¬
hibition of certain enzymatic activities, both secondarily increasing
the uptake of glucose.
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In contrast to the studies reported on the role of ACTH in carbo¬
hydrate metabolism, those reported on SDH concentration are much more
uniform in results. Baker (1963) reported that insect muscles general¬
ly show greater enzymatic activity than vertebrate flight muscles and
that those indulged in sustained flight possess a greater concentra¬
tion of SDH. The work of Vallyathan (1964) yielded results which were
in accord with the findings of Baker. In studying the effects of exer¬
cise on phosphorylase and SDH levels in pigeon breast muscles, he ob¬
tained a highly significant increase in concentration and activity of
both enzymes. He suggested that during muscular activity the enzyme
systems vivo operate at a considerably high rate in order to keep
up with the greater metabolic activity of the muscles. Germlno (1965)
found greater concentrations of SDH in the earliest stages of develop¬
ment in his study on the developing skeletal muscles of the chick. He
interpreted this high concentration to be due to the greater energy
requirements of the muscle cells, used mainly in the synthesis of spe¬
cific proteins.
Attempts to demonstrate hormonal effects on TCA cycle enzymes
have thus far been rather limited. This has also been found to be
true for enzymes of glycolysis. However, Palkovic (1964) found that
there was an Increase in glucose-6-phosphate dehydrogenase activity 10
min after various doses of ACTH were administered to rats. He con¬
cluded that ACTH stinnilatlon of the adrenal cortex was accompanied by
changes in the activity of glucose-6-phosphate metabolizing enzyme.
Unlike the findings of Palkovic (1964), Kun and McCurley (1950) had
shown that cortisone and ACTH decreased the rate of the enzyme
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regulating the formation of phosphopyruvic from 3-phosphoglycerate in
rat tissue.
Cerbon and Tamayo (1959) studied the effects of cortisone on the
SDH activity of tissues of tubercular (T.B.) animals. Applying tetra-
zollum colorimetric techniques, these investigators found that tuber¬
cular guinea pigs which were not treated with cortisone showed a pro¬
gressive decrease in SDH activity in the kidney. Those treated with
cortisone did not show a decrease in enz}nnatic activity. Cerbon and
Tamayo (1959) suggested that the effects of T.B. on SDH activity was
mediated throu^ the adrenal glands, and the possibility exists that
the low levels of adrenocortical activity is related to significant
metabolic alterations when detected in patients with advanced T. B.
The normal activity of TCA cycle enzymes has been studied by a
number of investigators in which a variety of organisms was used. In
a hlstochenical study of SDH activity in the skin of humans, Takada
(1963) observed that the activity of SIffi had a close relationship with
the normal functions of the cells, such as metabolism, growth, matu¬
rity and proliferation. In addition, under morbid conditions the ac¬
tivity increased according to cell proliferation and decreased accord¬
ing to regressive degeneration of the skin. In the chick embryo, en¬
zymes of the TCA cycle follow several different patterns. Succinic
dehydrogenase activity rises steadily from 7 to 20 days (Davidson,
1957). Glutamic dehydrogenase and malic dehydrogenase rise two to
threefold from 7 to 15 d£^s but then decline sharply (Solomon, 1959).
Some enzymes do not change in activity at any time. Adenosine deami¬
nase is constant frcxn 7 ds^s to adulthood according to Solomon. Moore
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(1964) reported that Potter and his associates in 1945 found that In
rat livers, SIB Increased rapidly 2tEter birth, reaching close to adult
levels within 3 d^s. These Increases are interesting In llgjit of the
fact that the liver In rats scarcely grows during the first 10 d^s
after birth.
Although studies on the TCA cycle enzymes are virtually absent
from the literature In the case of Auphlbia, there Is little doubt
that the cycle does occur In Amphibia. Hunter and Hunter (1957) clear¬
ly demonstrated the presence of the TCA cycle In the skin of Rana
pip lens. The following enzymes were demonstrated on the basis of oxy¬
gen uptake over that of endogenous controls after addition of various
cycle Intermediates to flasks containing pieces of skin: fumarase
(fumarate to malate), malic dehydrogenase (malate to oxalacetate),
Isocltrlc dehydrogenase (Isocitrate to oxalsuccinate), succlnoxldase
(succinate to fumarate). In addition, the participation of cytochrome
c In o:qrgen uptake and the presence of glycerophosphate dehydrogenase
(glycerophosphate to glyceraldehyde-3-P) were also demonstrated. Weber
(1965) did studies on the activity of a ntimber of enzymes, primarily
lysosomal, in which he used frog larvae, but his studies were made
during tall regression rather than proliferation. However, he showed
that proteolytic enzymes In the regressing tall tissue of the frog ex¬
hibit hlg^ levels of activity. On the other hand, enzymes that are




Rana catesbeiana larvae were obtained from a pond on Burton Road
in Northwest Atlanta, Georgia. The organisms were kept In the labora
tory in 12 and 14 gal aquaria and fed boiled lettuce 4 times per wecdc
The water was aerated daily and changed once every 10 days.
Organisms whose tail lengths ranged from 2 to 6 cm during the
time when the tail is in the process of extending or proliferating
were selected for experimentation. The experimentals were adminis¬
tered 0.2 cc of concentrated ACTH orally with a 2% cc sterile syringe
2 hr prior to their being sacrificed. Tails 2-6 cm from uninjected
organisms were used as controls. (The ACTH was obtained from Nutri¬
tional Biochemicals Corporation, Cleveland, Ohio.)
The tadpoles were divided into 4 groups based on the length of
their tails:
Group I. Five organisms whose tall length ranged from 2-3 cm
were used as experimentals. Four controls were selected whose tall
length fell within the sane range.
Group II. The 5 experimentals chosen for this group had tails
ranging from 3-4 cm. Two controls were selected which had the same
range in tail Imigth.
Group III. Again 5 experimentals were selected, along with 3
controls. All tails in this group were from 4-5 cm long.
Group IV. The final group consisted of the same number of
8
9
experlmentals and controls as were In Group Ill. However, in this
group the tall lengths ranged from 5-6 cm in length.
Succinic del^drogenase activity and concentration were measured
by means of the reduction of triphenyltetrazolium chloride (TTC) to
its colorimetrically determinable red foxmozan, according to the methods
described by Kun and Abood (1949). The tails were rapidly excised
from pithed tadpoles. They were washed in cold distilled water, blot¬
ted dry and weighed on a Mettler analytical balance. The appropriate
amount of cold distilled water was poured into a mortar so that once
the tissue was hoaogenlzed there would be a 10 per cent h<xnogenate.
The tails were then placed in the mortar which was in an ice bath.
They were minced with a scalpel and ground vigorously with a pestle
for 5 min. With a pipette, 1 ml of the hcmogenate was added to a test
tube which contained 0.6 ml of 0.1 per cent solution of TTC, 0.4 ml of
distilled water, 0.3 ml of 0.1 M phosphate buffer (pH 7.4), and 0.5 ml
of 0.2 M sodium succinate. A blank was prepared which contained all
the constituents mentioned above except the homogenate. In its stead,
1 ml of distilled water was added.
The two tubes were incubated in a water bath for 20 min at 37 C.
The tubes were removed from the water bath and to each was added a few
crystals of sodium hydrosulfite and 7 ml of acetone. The tubes were
shaken thoroughly and then centrifuged at 20 x g for 5 min. From each
tube was taken 5 ml of the contents which was transferred to colorimeter
tubes. The per cent transmittance (per cent T) was read at 420 on
a Bausch & Lcxab Spectronic 20. The per cent T was converted to optical
density (O.D.), since the O.D. is directly proportional to the niimber
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of micrograms of dye reduced. The amount of dye reduced was determined
from a standard curve prepared by using a few crystals of soditmi hydro-
sulfite to reduce varying amounts (20 to 400 ^g) of TTC (Fig. 1) • En¬
zyme activity was measure according to the number of micrograms of
dye reduced In 10 mln/mg of tissue. The enzyme concentration was mea¬
sured according to the number of micrograms of dye reduced In 10 min.
The data obtained were evaluated statistically throu^ the use of
the Student "t" test (Little, 1962).
opticalDensity
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Efforts were made to determine the effects of ACTH on the actlv~
Ity and concentration of succinic dehydrogenase (SDH) and the relation¬
ship between the enzyme concentration and the enzyme activity.
Effects of ACTH on SDH activity
The data collected showed that ACTH did not have a significant
effect on the activity of SDH In the proliferating tails of Rana
catesbelana until the tails had reached a length of from 5-6 cm (Group
IV). This Is shown graphically In Fig. 2 In which the enzyme activity
of the controls £md experlmentals are quite similar except at the
length previously stated. Note that In Group I (2-3 cm) there Is a
slight Increase In activity (experlmentals, 0.105; controls, 0.076).
The experlmentals In Group II (3-4 cm) also showed an Increase In ac¬
tivity over the controls (0.251, 0.169). The enzyme activity of the
experlmentals In Group III (4-5 cm) was less than that found In the
controls (0.166, 0.193). The final group, IV, showed a vast differ¬
ence between the experlmentals and the controls (0.062, 0.162). This
comparatively large difference was found to be significant at the 0.1
per cent level according to the Student "t" test. Althou^ there are
sense variations In the average amount of enzyme activity per group be¬
tween the experlmentals and the controls In the first three groups,






Length of Tails in cm
Fig. 2. Graph showing the activity of succinic dehydrogenase in homo¬
genates prepared from varying lengths of proliferating tails
of Rana catesbeiana.
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Effects of ACTH on SDH concentration
Figure 3 shows a marked difference in the amount of SBH present
in the homogenates of tails of the animals which were administered
ACTH in Group 1 as ccxapared with those of the sane group which did not
receive the ACTH. In the experimentals, the average number of micro-
grams of TTC reduced in 10 min was 0.116, whereas the TTC reduction in
the controls amounted to 0.204 pg in 10 min. In Group II there was
only a slight difference in concentration between the experimentals
and controls, 0.136 to 0.137. Group III experimentals showed an in¬
crease of 0.227 to 0.172 over the controls. The same effect was also
true for Group IV, 0.234 to 0.195.
The difference in enzyme concentration in Group I was found to be
significant at the 0.1 per cent level, again according to the Student
"t” test. Those differences shown in the latter three groups were not
found to be significantly different according to the same test.
Relationship of enzyme concentration to activity
During the period of growth when the tails are from 2-3 cm long
in the experimentals (Table 1), the enzyme concentration and activity
are similar. At 3-4 cm the increase in activity is much greater than
the Increase in concentration. An increase in concentration occurs when
the tails attain a length of 4-5 cm. A decrease in activity occurs at
the same length. In the final stages of tall proliferation, when the
tails are from 5-6 cm, there is a small Increase in SMI concentration
and a drastic decrease in activity.
The data obtained on the controls (Table 1) show that the greatest















Length of Tails in cm
Fig. 3. Graph showing the concentration of succinic dehydrogenase in
homogenates prepared froa varying lengths of proliferating
tails in Rana catesbeiana.
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TABLE 1
A CGMFARISON OF SDH CONCENTRATION AND ACTIVITY








I 2-3 .116 .105 .204 .076*
II 3-4 .136 .251* .137 .169
III 4-5 .227 .166 .172 .193
IV 5-6 .234 .062* .195 .162
^hese three sets of values for concentration and activity were
found to be significantly different. Each value represents the av¬
erage amount of enzyme activity or concentration per group.
stages of tall proliferation, 2-3 cm. Group I of Table 1 shows the
concentration to be 0.204 and the activity to be 0.076. The concen¬
tration drops to 0.137 at a tall length of 3-4 cm, but the activity
rises to a point slightly greater than the concentration, 0.169.
Organisms of Group III (4-5 cm) showed a small Increase In concentra¬
tion and activity to 0.172 and 0.193, respectively. At 5-6 cm the
concentration of the controls continued to Increase moderately to
0.195, as the activity dropped to 0.162.
The patterns of SDH activity and concentration In the experlmen-
tals was distinctly different from those found In the controls. The
major differences In activity and concentration occurred at tall
lengths of 3-4 and 5-6 cm In the experimentals but In the controls the
major differences occurred In tails 2-3 cm long. A statistical
analysis of these data showed that the above meitloned differences
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were significant at the 0.1 per cent level. Overall, the experimen-
tals showed a moderate but steady Increase in SDH concentration as the
tails proliferated. On the other hand, the activity of the experimen-
tals rose sharply at 2-3 and 3-4 cm. It fell equally as sharp at 4-5
and 5-6 cm. The concentration in the controls showed a moderate and
steady increase only after the tails had reached a length of 3-4 cm.
Note in Table 1 that the SDH activity in the controls Increased
through the first three groups (2-5cm) and then decreased only sligjit-
ly when the tails were from 5-6 cm long.
CHAFEER V
DISCUSSION AND CONCLUSI(»I
Because of the relatively small number of studies reported In the
literature on enz3mies of the tricarboxylic acid (TCA) cycle and the
absence of studies on these enzymes with ACIK as the treatment. It Is
felt that more Information In both cases Is needed. It Is hoped that
this Investigation, In which the effects of ACTH on the activity of
succinic dehydrogenase (SDH) were measured, will provide some Informa¬
tion pertaining to the TCA cycle enzymes and the effects of hormones
on them.
In the present Investigation, It was found that ACTH produced a
significant decrease In SDH activity In homogenates of tails 5-6 cm
long. A slight Increase was found In tails 2-3 cm and 3-4 cm, whereas
a small decrease was found In tails 4-5 cm. It was shown statistical¬
ly that the latter three changes In activity were not significant.
The significant decrease In enzyme activity reported here Is In agree¬
ment with the findings of Kun and McCurley (1950) with regard to the
changes in enzyme activity produced by ACTH. Th^ showed that corti¬
sone, a glucocorticoid, and ACTH decreased the rate of the enzyme
regulating the formation of phosphopyruvlc frcm 3-phosphoglycerate In
rat tissue. Although Falkovlc (1964) studied an enzyme of a different
systan from the one reported In this study, he showed that ACTH In¬
creased the activity of glucose-6-phosphate dehydrogenase in rats.
Baldwin (1967) suggested that Inhibition or Inactivation of enzymes
18
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was often brought about by chemical agents that attack the reactive
groups of the enzyme. Vallyathan (1964) interpreted Increased and de¬
creased enzyme activity to be due to the use or disuse of an organ.
In agreement with this view is Cherian (1965), who in stxidylng SOB ac¬
tivity in pigeon breast muscles during 1 to 60 days of disuse of the
wings, found the SOH activity to be lowered by such immobilization.
Baker (1963), also in agreement, demonstrated that insect muscles in¬
dulged in sustained flight show a greater increase in enzymatic activ¬
ity over muscles not indulged in sustained flight.
Turner (1967) found that the administration of ACTH to intact
subjects is followed by an Increase in the production of glucocorti¬
coids such as cortisol and corticosterone. These and other cortical
steroids have been found to discourage the use of carbohydrates, pre¬
sumably by acting with scmatotrophin to inhibit the hexokinase reac¬
tion. The findings of Rogers (1964) were identical to those of Turner.
The exact mechanimn by which ^CTH inhibitc»l the activity of SDH could
not be found. However, one possibility is that the amino group of SDH
may have been attacked. This could result in a change in the orienta¬
tion of the enzyme molecule. It is the opinion of this Investigator
that the information presented by Turner (1967) and Rogers (1964) best
explains the decrease in SIM activity and concentration reported in
this thesis. The suggested mechanism is that ACTH stimulates the
adrenal cortex to produce and secrete glucocorticoids. These secre¬
tions in turn inhibit the utilization of glucose by the cells. It is
felt that with the reduction in the normal mnount of glucose used by
the cells, the products of glycolysis and the Intermediates of the TCA
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cycle will also be reduced. This would result In a reduced amount of
the substrate, succinic acid. Therefore, the activity of SOH would be
lowered.
In connection with the effects of ACTH on SDH concentration, a
significant decrease was found in Group I where the tails were from
2-3 cm long. The mechanism for this decrease in SDH concentration is
the same as that suggested for the decrease produced in SDH activity.
There was no direct or indirect relationship found between SDH
conc^tratlon and activity in the experimentals or controls. This sug¬
gests that SKI activity is not directly or inversely proportional to
SDH concentration and that although the enzyme may be present in rela¬




1. i^TTH did not have a significant affect on the activity of SDH
In the proliferating tails of Rana catesbelana until the
tails had reached a length of from 5 to 6 cm. Here the activ¬
ity was found to decrease.
2. The concentration of SIM was Increased In the tails 2 to 3 cm
long after the tadpoles had been administered ACTH.
3. No direct or Indirect relationship was found to exist between
the concentration of SDH and the activity.
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